This article reviews exposure information available for trichloroethylene (TCE) and assesses the magnitude of human exposure. The primary sources releasing TCE into the environment are metal cleaning and degreasing operations. Releases occur into all media but mostly into the air due to its volatility. It is also moderately soluble in water and can leach from soils into groundwater. TCE has commonly been found in ambient air, surface water, and groundwaters. The 1998 air levels in pg/M3 across 115 monitors can be summarized as follows: range = 0.01-3.9, mean = 0.88. A California survey of large water utilities in 1984 found a median concentration of 3.0 pg/L. General population exposure to TCE occurs primarily by inhalation and water ingestion. Typical average daily intakes have been estimated as 11-33 pg/day for inhalation and 2-20 pg/day for ingestion. A small portion of the population is expected to have elevated exposures as a result of one or more of these pathways: inhalation exposures to workers involved in degreasing operations, ingestion and inhalation exposures occurring in homes with private wells located near disposal/contamination sites, and inhalation exposures to consumers using TCE products in areas of poor ventilation. More current and more extensive data on TCE levels in indoor air, water, and soil are needed to better characterize the distribution of background exposures in the general population and elevated exposures in special subpopulations. 
Purpose
This article reviews exposure information available for trichloroethylene (TCE) and assesses the magnitude of human exposure. Background information is provided on TCE sources, environmental fate, and levels in the environment and people. The results include findings on exposure pathways, potentially exposed populations, range of estimated exposures, and associated uncertainties.
Background Sources
Releases of TCE into the environment occur during its manufacture, use, and disposal. The major use of TCE is as a degreaser for metal cleaning operations. It is also used as a paint stripper, adhesive solvent, ingredient in paints and varnishes, and in the manufacture of organic chemicals. Releases from nonanthropogenic activities are negligible, although TCE can be created by one red microalga and in temperate, subtropical, and tropical algae (1) .
Most TCE used in the United States is released to the atmosphere from vapor degreasing operations (2) . Releases to air also occur at sewage treatment and disposal facilities, water treatment facilities, and landfills (2) . TCE has been detected in stack emissions from municipal and hazardous waste incinerators and it could be released to surface waters from industrial discharges of wastewater streams as well as to groundwater via leaching from landfills (2) . 
Environmental Fate
In terrestrial environments, the dominant fate of TCE released to surface soils is volatilization to the air. Because of its moderate water solubility, TCE introduced into soil (e.g., landfills) has the potential to migrate through the soil into groundwater. The relatively frequent detection of TCE in groundwater confirms its mobility in soils. Biodegradation in soil and groundwater is thought to be slow (half-life on the order of months to years) (4 Table 3 shows the monitoring data organized by land setting (rural, suburban, or urban) and land use (agricultural, commercial, forest, industrial, mobile, and residential). Urban air levels are about 3 times higher than rural areas. Among the land use categories, TCE levels are highest in commercial/industrial areas and lowest in forest areas.
TCE ambient air concentrations in 1990 were modeled for all census tracts of the continental United States as part of the U.S. EPA Cumulative Exposure Project (CEP, see www. epa.govicumulativeexposure/air/air. htm) (7). A variety of sources were used to obtain emissions data and the air modeling was done using a Gaussian dispersion model. Table 4 shows the distribution of modeled TCE (8) (1980) (1981) (1982) showed that TCE was detected in 28% of 9,295 surface water reporting stations nationwide (2) . The Agency for Toxic Substances and Disease Registry (ATSDR) (2) has indicated that TCE is the most frequently reported organic contaminant in groundwater and has estimated that between 9 and 34% of the drinking water supplies tested in the United States may have some TCE contamination (2) 
Inset
TCE has been reported in marine sediments, marine invertebrates, marine mammals, foods, mother's milk, and human urine and blood (1, 5) . TCE (2, (12) (13) (14) (15) . For example, in two homes using well water with TCE levels averaging 22-128 pg/L, the TCE levels in bathroom air ranged from < 0.5 to 40 mg/m3 when the shower was run less than 30 min (13) . In one study, the transfer of TCE from shower water to air had a mean efficiency of 61% (independent of water temperature); it was concluded that a 10-min shower in TCE-contaminated water could result in a daily inhalation exposure comparable to that expected from drinking TCEcontaminated tap water (2) . Indoor use of TCE-containing products can also contribute to exposures. Wallace et al. (16) concluded that indoor air contributes more to overall TCE exposure than outdoor air. This was based on monitoring of expired breath of 190 people in New Jersey. This is also indicated in the TEAM (Total Exposure Assessment Methodology) Study (17) , which shows, for example, that the ratio of the indoor to outdoor TCE concentration for Greensboro, North Carolina, was about 5:1. Accordingly, ambient air-based exposure estimates probably underrepresent total inhalation exposures.
TCE in bathing water can also cause dermal exposure. A modeling study has suggested that a significant fraction of the total dose associated with exposure to volatile organics in drinking water results from dermal absorption (18) .
Pharmacokinetic modeling can be used to gain further understanding of general population exposure. Clewell et al. (19) developed a physiologically based pharmacokinetic model for TCE that can be used to estimate the longterm average inhaled air concentration that would result in a measured blood concentration, assuming no other TCE exposure. The model can also estimate the long-term average ingested dose that would result in a measured blood concentration, assuming no other TCE exposure. This dose can be converted to a TCE water concentration assuming an ingestion rate such as 2 L/day. For each of these exposure scenarios, the model also provides the corresponding concentrations of trichloroacetic acid and dichloroacetic acid in blood and the amount of TCE metabolized per day. This model was applied to the range of TCE levels in blood as measured in NHANES III. Table 7 shows the resulting exposure estimates corresponding to the range of TCE blood levels. The TCE environmental concentrations modeled from blood levels exceeded the range of measured values for air and water: modeled mean concentration in drinking water was 59.5 Ig/L (measured range was trace to 50 gg/L) and the modeled mean air concentration was 4.2 pg/m3 (measured range was for 0.01-3.9 pg/m3). This implies that neither inhalation nor water ingestion dominate exposure; rather both contribute to the total exposure. Exposure estimates derived from blood cannot distinguish among expo- (2) .
Inhalation exposure may be elevated for individuals using products containing TCE in areas with poor ventilation (2) . These products include wood stains, varnishes, finishes, lubricants, adhesives, typewriter correction fluids, paint removers, and cleaners (2) . Use of TCE, however, has been discontinued in some consumer products (i.e., as an inhalation anesthetic, fumigant, and extractant for decaffeinating coffee) (2) .
Because TCE has been detected in breast milk samples of the general population, infants who ingest breast milk may be exposed. Also, since TCE can be present in soil, children may be exposed through activities such as playing in or ingesting soil.
Discussion
The current data suggest that TCE exposure is widespread, but it is unclear how often the aggregate exposures across all pathways reach levels of concern. More current and more extensive data are needed to better characterize the full distribution of background exposures in the general population and elevated (1, (22) (23) (24) . Thus, background exposure to these related compounds may influence the effect of small incremental exposures of TCE. This issue should be considered in quantitative dose-response analyses.
